disease burden after percutaneous coronary intervention (PCI). 6, 7 However, it is well known that angiography alone has limitations in defining ischemia-causing stenosis. 8 Fractional flow reserve (FFR) is a pressure-derived physiologic index that is regarded as a standard tool for assessing the functional significance of coronary artery stenosis in the cardiac catheterization laboratory. A total sum of FFR measured in all 3 major epicardial coronary arteries can reflect total physiologic disease burden and has been reported to have prognostic implications. 9, 10 Previous studies showed that the FFR value is higher in women than in men with the same stenosis severity, 11 and visual-functional mismatch is more frequent in women. 12 However, the association between total anatomical and physiologic disease burdens according to sex and whether there is an interaction of sex in the relationship between total coronary disease burden and clinical outcomes are not well known. The current study was performed to compare anatomical and physiologic disease burden between women and men and to evaluate the sex influence on prognostic implication of total anatomical and physiologic disease burdens assessed by SYNTAX score and 3-vessel FFR, respectively.
Methods
The data and study materials will be available to other researchers on reasonable request after discussion with the steering committee.
Study Population
This study was a substudy of the 3V FFR-FRIENDS study Reserve for the Assessment of Total
Stenosis Burden and its Clinical Impact in Patients With
Coronary Artery Disease, NCT01621438), which was designed to investigate the clinical relevance of total stenosis burden assessed by 3-vessel FFR measurement. 9 A total of 1136 patients who underwent FFR measurement in all 3 major coronary arteries were included in this study. Inclusion criteria were at least 18 years of age and stenosis >30% in all major epicardial arteries. Patients with left ventricular systolic dysfunction (ejection fraction <35%), ST-elevation myocardial infarction within 72 hours, previous coronary artery bypass graft surgery, chronic kidney disease (serum creatinine ≥2.0 mg/dL), or abnormal epicardial coronary flow (TIMI [Thrombolysis In Myocardial Infarction] flow grade <3) were excluded. The study protocol was approved by the institutional review board or ethics committee at each participating center, and all patients provided written informed consent.
Angiography, Quantitative Coronary Angiography, and SYNTAX Score
Coronary angiography was obtained using standard techniques after administration of intracoronary nitrate (100 or 200 lg). All angiograms were analyzed at a core laboratory (Seoul National University Hospital, Seoul, Korea) in a blinded fashion. Quantitative coronary angiography was performed with validated software (CAAS II, Pie Medical System, Maastricht, The Netherlands). Reference vessel size, minimum lumen diameter, percentage diameter stenosis (%DS), and lesion length were obtained. Per-patient total angiographic disease severity was assessed by SYNTAX score by a blinded investigator. 4 The residual SYNTAX Score was calculated based on the remaining stenotic coronary lesion after treatment with PCI.
FFR Measurements, 3-Vessel FFR Calculation, and Functional SYNTAX Score FFR measurements were performed after diagnostic angiography. The pressure-temperature sensor guide wire (Abbott Vascular, Santa Clara, CA) was equalized to aortic pressure at the tip of the guide catheter and then positioned at the distal segment of a target vessel. Intracoronary nitrate (100 or 200 lg) was administered before each set of FFR measurements. Hyperemic aortic pressure and distal coronary arterial pressure were obtained, and FFR was calculated as the mean of distal coronary arterial pressure/aortic pressure during maximum hyperemia. PCI was performed according to the operator's discretion. Three-vessel FFR was calculated as the sum of FFR values measured in 3 major epicardial arteries. 9 In cases of PCI, post-PCI FFR was used for the calculation of 3-vessel FFR. Functional SYNTAX score was calculated as a sum of the SYNTAX score in vessels with FFR ≤0.80.
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What Is New?
• Despite no sex difference in total anatomical disease burden (SYNTAX [Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery] score and residual SYNTAX score), total physiologic disease burden assessed by 3-vessel FFR and functional SYNTAX score was lower in women.
• Although women showed a lower major adverse cardiac event rate than men, sex was not an independent predictor after adjustment for total disease burden.
• There was no sex influence on prognostic implications of total disease burden.
What Are the Clinical Implications?
• This study supports the importance and clinical benefit of performing comprehensive physiologic assessment in women. score and estimated 2-year MACE risk according to sex, the probability of risk was estimated using the Cox proportionalhazards model and was plotted using the locally weighted scatterplot smoothing regression line. 9 Hazard ratios with 95% CIs were estimated using the multivariable Cox proportional-hazards method to identify independent predictors of MACE. Two-sided comparisons were considered statistically significant when P<0.05. All analyses were performed using SPSS version 22.0 (IBM, Armonk, NY).
Coronary Computed Tomographic Angiography Plaque Characteristics Analysis
Results
Patient and Lesion Characteristics
Of the total 1136 patients included in the study, 301 (26.5%) patients were women. The baseline patient characteristics are shown in Table 1 Figure 1 ). Per-vessel FFR was significantly higher (0.
Association between angiographic stenosis severity and FFR according to sex is shown in Figure 2 . Mismatch (% DS≥50% and FFR>0.80) was numerically more frequent in women than in men, although without statistical significance (18.2% versus 15.4%, P=0.057). Among lesions with %DS≥50%, mismatch lesions were more frequent in women than in men (60.6% versus 52.0%, P=0.020). CCTA-defined adverse plaque characteristics were less frequently shown in women (46.6% versus 59.0%, P=0.004).
Total Anatomical and Physiologic Disease Burdens
Distributions of SYNTAX score, residual SYNTAX score, and 3-vessel FFR are shown in Figure 3 . There were no differences based on patient sex in total anatomical disease burden (SYNTAX score, 10.3AE8. 5 Table 3 shows the comparison of 2-year MACE rates between women and men. Women showed a lower MACE rate than men (2.3% versus 5.0%, hazard ratio 0.457, 95% CI 0.243-0.860, P=0.049). However, sex was not an independent predictor after adjustment for 3-vessel FFR, residual SYNTAX score, and clinical risk factors (hazard ratio 0.534, 95% CI 0.230-1.238, P=0.144). SYNTAX score, residual SYNTAX score, and 3-vessel FFR showed significant association with the estimated 2-year MACE rates in both sexes (Figure 4) . A multivariable adjusted Cox regression analyses adjusted with age and cardiac risk factors showed that SYNTAX score, residual SYNTAX score, 3-vessel FFR, and functional SYNTAX score were independently associated with the risk of 2-year MACE (Table 4) . In these models, age and clinical risk factors were not independent predictors for 2-year MACE (all P>0.05). There was no significant interaction of patient sex in the relationship between total disease burden and clinical outcomes (Figure 4 ).
Clinical Outcomes According to Total Anatomical and Physiologic Disease Burden
Discussion
The current study evaluated the sex difference in anatomically and physiologically assessed total disease burdens and their prognostic implications. The main findings are as follows. (1) Despite similar per-vessel angiographic %DS, FFR value was higher in women than in men. (2) Although there was no sex difference in total anatomical disease burden (SYNTAX score and residual SYNTAX score), total Major adverse cardiac events were defined as a composite of cardiac death, myocardial infarction, and ischemia-driven revascularization. physiologic disease burden assessed by 3-vessel FFR and functional SYNTAX score was lower in women. (3) Women showed a lower MACE rate than men. However, sex was not an independent predictor after adjustment for anatomical and physiologic disease burdens. In addition, there was no sex influence on prognostic implications of total disease burden.
The presence of myocardial ischemia is a prerequisite for a benefit of coronary revascularization. 16, 17 Due to the limitation of angiography in defining functionally significant lesions, 8, 18 invasive physiologic indices such as FFR have been developed for the assessment of the functional significance of coronary artery stenosis in the cardiac catheterization laboratory. 19 Because FFR-guided revascularization strategy improved clinical outcomes compared with angiography-guided revascularization or medical treatment only, 20, 21 physiology-guided revascularization has been adopted as a standard treatment strategy. 22, 23 Previous studies have suggested that FFR value is higher for women with the same stenosis severity, 11 and visual-functional mismatch is more frequent in women. 12 In our study the mismatch (angiographically significant stenosis and high FFR) was more common in women than in men. In addition, this sex influence on mismatch becomes higher as angiographic stenosis severity increases. When this comparison was extended to a perpatient level, it was also found that total physiologic disease burden assessed by 3-vessel FFR was also lower in women despite similar SYNTAX and residual SYNTAX scores. These findings suggest that a similar degree of anatomical disease burden might result in different physiologic outcomes according to sex. Differences in myocardial mass and microvascular function are suggested as a mechanism of higher FFR in women than in men for the same stenosis severity. 24, 25 Recent studies showed that plaque characteristics can influence FFR values. Ahmadi et al showed that a large necrotic core may induce greater ischemia and reduced FFR compared with non-lipidrich plaques. 26 It is interesting to note that CCTA-defined lowattenuation plaque was more frequent in men than in women in our study. Further studies are needed to investigate the sex influence on plaque characteristics. It is interesting to see that women have less physiologic disease burden even though they are older than men. This reflects a slower progression of atherosclerosis in women. 27 And the 2-year MACE rate was lower in women than in men in our study despite higher age and more clinical risk factors in women. However, sex, age, and clinical risk factors were not independent predictors for clinical outcomes after adjustment of angiographic and physiologic disease burden.
Total atherosclerotic disease burden is an important prognostic indicator in patients with coronary artery disease. 1 The SYNTAX score was primarily developed for visual grading of coronary artery disease complexity and showed its prognostic implication. 4 In addition, residual SYNTAX score is also a prognostic indicator in patients undergoing PCI. 7 In a study by Lee et al, total physiologic disease burden assessed by 3-vessel FFR also showed a prognostic implication. 9 However, the influence of sex on the association between the clinical outcomes and anatomical or physiologic disease burden has not been well defined. In our study, 3-vessel FFR was higher and functional SYNTAX score was lower in women than in men despite similar SYNTAX and residual SYNTAX scores. However, there was no interaction of sex on the association between clinical outcomes and anatomical and physiologic disease burden. These findings suggest that the controversial results of previous studies on clinical outcomes according to sex in patients with coronary artery disease 11, [28] [29] [30] may, in part, be due to the greater mismatch between anatomical and physiologic disease severity in women than in men. When the previous study results are combined with ours, characteristics of coronary artery disease according to sex can be summarized as follows. Women tend to have more clinical risk factors (older age, hypertension) and less pervessel and per-patient physiologic disease severity with similar anatomical disease burden. Total anatomical and physiologic disease burdens had prognostic implication regardless of sex, and there is no interaction between sex and prognostic implication of total disease burden. These findings support the importance and clinical benefit of performing physiologic assessment in women.
Limitations
Some limitations of the current study should be considered. First, this was a post hoc analysis of the 3V FFR-FRIENDS registry. Second, most of the lesions had mild to intermediate stenosis, and the number of low-FFR vessels was relatively small. Therefore, the rate of clinical events was relatively low compared with that of other studies. Third, total plaque burden assessed by invasive imaging modalities was not available in this study. Anatomical disease burden assessed by angiography might be less accurate than intravascular imaging-based measurement.
Conclusion
Despite similar angiographic disease severity, both per-vessel and per-patient physiologic disease severity were less in women than in men. There was no influence of patient sex on the prognostic implications of total anatomical and physiologic disease burdens in patients with coronary artery disease.
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